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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

Name of Dam: Incline Village Lake Dam, Missouri Inv. No. 11041

State Located: Missouri

County Located: St. Charles

Stream: Indian Camp Creek

Date of Inspection: April 23, 1980

Assessment of General Condition

Incline Village Lake Dam was inspected by the

engineering firms of Consoer, Townsend and Associates, Ltd. and PRC

Engineering Consultants, Inc. (A Joint Venture) of St. Louis,

Missouri, according to the U. S. Army Corps of Engineers' "Engineer

Regulation No. 1110-2-106" and additional guidelines furnished by

the St. Louis District of the Corps of Engineers. Based upon the

criteria in the guidelines, the dam is intermediate in size and it

is in the high hazard potential classification, which means that

urban development with more than a small number of habitable

structures could be affected in the event of failure of the dam.

Within the estimated damage zone of six miles downstream of the dam

are three dwellings, a highway (U.S. Hwy 61), and a light duty road

and bridge that may be subjected to flooding, with possible damage

and/or destruction, and possible loss of life.

The dam appears to be in satisfactory condition.

However, several deficiencies were noted by the inspection team

that could affect the safety of th. dam. Our inspection and

evaluation indicates that the spillway of Incline Village Lake Dam
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does not meet the criteria set forth in the guidelines for a dam

having the above size and hazard potential. Incline Village Lake

Damn being an intermediate size dam with a high hazard potential is

required by the guidelines to pass the Probable Maximum Flood

without overtopping. It was determined that the reservoir/spillway

system 'can accommodate approximately 60 percent of the Probable

Maximum Flood without overtopping the dam. Our evaluation also

indicates that the reservoir/spillway system can accommodate the

one-percent chance flood without overtopping.

The Probable Maximum Flood is defined as the flood

discharge that may be expected from the most severe combination of

critical meteorological and hydrologic conditions that are

reasonably possible in the region.

Other deficiencies noted by the inspection team were:I
areas of what appeared to be seepage observed approximately 75 to

100 feet downstream of the toe, erosion areas located in the

downstream contact areas of both abutments and on the downstream

slope, the lack of surface erosion protection on the downstream

slope, the beginnings of a vegetative growth among the upstream

riprap, fractures in the spillway crest, conditions of mild leakage

in the 24-inch valve connected to one of the low level drain pipes,

a need for periodic inspection by a qualified engineer, and a lack

of a maintenance schedule. The lack of seepage and stability

analyses on record is also a deficiency that should be corrected.

It is recommended that the owner take action to correct

or control the deficiencies described above.

WtG . SifrnP.E. *I %

SWALTER
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

INCLINE VILLAGE LAKE DAM, Missouri Inv. No. 11041

SECTION 1: PROJECT INFORMATION

1.1 General

a. Authority

The Dam Inspection Act, Public Law 92-367 of

August, 1972, authorizes the Secretary of the Army, through

the Corps of Engineers, to initiate a national program of dam

inspections. Inspection for Incline Village Lake Dam was

carried out under Contract DACW 43-80-C-0094 between the

Department of the Army, St. Louis District, Corps of Engi-

neers, and the engineering firms of Consoer, Townsend & Asso-

ciates, Ltd., and PRC Engineering Consultants, Inc. (A Joint

Venture), of St. Louis, Missouri.

b. Purpose of Inspection

The visual inspection of Incline Village Lake Dam

was made on April 23, 1980. The purpose of the inspection was

to make a general assessment as to the structural integrity

and operational adequacy of the dam embankment and its appur-

tenant structures.



c. Scope of Report

This report summarizes available pertinent data

relating to the project, presents a summary of visual observa-

tions made during the field inspection, presents an assessment

of hydrologic and hydraulic conditions at the site, presents

an assessment of the structural adequacy of the various

project features and assesses the general condition of the dam

with respect to safety.

Subsurface investigations, laboratory testing and

detailed analyses were not within the scope of this study. No

warranty as to the absolute safety of the project features is

implied by the conclusions presented in this report.

It should be noted that in this report reference to

left or right abutments is viewed as looking downstream.

Where left abutmea or left side of the dam is used in this

report, this also refers to the north abutment or side, and

right to the south abutment or side.

d. Evaluation Criteria

The inspection and evaluation of the dam is per-

f ormed in accordance with the U.S. Army Corps of Engineers,

"Engineer Regulation No. 1110-2-106" and additional guidelines

furnished by the St. Louis District office of the Corps of

Engineers for Phase 1 Dam Inspection.
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1.2 Description of the Project

a. Description of Dam and Appurtenances

The following description is based upon design

drawings, observations and measurements made during the visual

inspection and from conversations with Mr. Larry Bade, a

representative of the firm which designee and supervised the

construction of the dam. Any discrepancies between the design

drawings and our field measurements will be noted. The design

drawings are included in this report.

The dam is a zoned, rolled, earthfill structure

with a straight alignment between rock abutments- (Photo

overview). According to the drawings, the embankment was

supposed to be a homogeneous fill; however, according to Mr.

Bade, the dam was constructed with three different zones. The

dam was constructed with a core of a good clay material, an

upstream shell of a poorer clay material and a downstream

shell of a sandy gravel. The top of dam width is 45 feet and

the axis length of the crest of the embankment was measured as

856 feet. There is a distance of approximately 64 f eet

between the right abutment and the lef t wall of the spillway

discharge channel. This gives a total length of 920 feet from

the left abutment contact to the edge of the spillway channel.

The top of dam elevation at the maximum section is 530 feet

above M.S.L. The top of dam is fairly level between the left

abutment and a point approximately 570 feet to right; however,

from this point to the right abutment there is a gradually

increasing slope, which decreases the elevation by 4.4 feet

(See Plate 2). The upstream slope is IV to 3H and is pro-

tected by riprap. A 15-foot wide bench was constructed on the

upstream slope at an elevation of approximately 518 feet above

M.S.L. The downstream slope is IV to 311. Piles of riprap
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approximately 4 feet high were placed at the downstream toe

and a 50 foot wide, approximately 2 foot thick, blanket of

riprap was placed along the downstream toe to protect the toe

from discharges through the spillway. The maximum height of

the dam was measured as 38 feet above creekbed elevation.

There is one spillway constructed at the damsite

and a low level drain system. The spillway, therefore, serves

as both an emergency spillway for larger flows and a principal

spillway for the noxmal flows. The spillway crest and adja-

cent channel area were blasted out of rock just to the right

of the right abutment. The maximum section top of dam is at

assumed elevation 530; using field measurements the spillway

crest is at elevation 510.7 and the spillway discharge chan-

nel, immediately adjacent to the spillway crest, is at eleva-

tion 497, i.e., there is approximately a 14-foot drop at the

crest. The length of this rock spillway crest is approxi-

mately 246 feet. After the water drops over the crest, it

falls into an aproximately 200 foot wide pool area just before

entering the 100 foot wide discharge channel. The spillway

crest is more or less rough hewn, and is semi-circular in

shape; the water was flowing over on the lef t side only, on

the day of the inspection. This means that the entire length

of the crest is not all at the same elevation; however, the

design representative has indicated that they expect to

construct a rectangular weir on top of the existing crest,

except that it will be set back about 15 feet. According to

Mr. Bade the weir crest will be set at elevation of 517.5 feet

above M.S.L. and will have a length of approximately 255 feet.

A low level drain was provided for the dam. The

drain consists of two 22 inch diameter welded steel pipes

which pass through the embankment side by side. Each pipe is

controlled at the downstream end by a 24 inch gate valve.
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According to Mr. Bade, each pipe was provided with three 6-

foot square seep collars made of 1/4-inch thick steel plate;

the elevation at the intake of each pipe is different. One of

the pipes has an intake elevation of 500 feet above M.S.L.

with no bends in the pipe. The other pipe has an intake

elevation of 510 feet above M.S.L. with a 10-foot high stand-

pipe. Both pipes run parallel to each other from the outlet

to the 500 foot elevation, at which point, one of the pipes

stops and the other pipe continues with the 10-foot high

standpipe connected to it. The outlet elevation is approxi-

mately 497 feet aove M.S.L. No screen or trashrack was

provided on the pipes. The pipes discharge into an approxi-

mately 75-foot long riprapped discharge channel which is

perpendicular to the dam and connects to the discharge channel

of the spillway. The drain is located approximately 400 feet

to the right of the left abutment.

b. Location

Incline Village Lake Dam is located in the state of

Missouri, St. Charles County, across Indian Camp Creek, a

tributary to Big Creek, which is in turn tributary to the

Cuivre River. The damsite is approximaLely 6 miles south of

Moscow Mills, a community on the Cuivre River, and can be

found on the 7.5 minute series of the Foristell, Mo. Quad-

rangle, in Range I East, Township 47 North.

c. Size Classification

According to the "Recommended Guidelines for Safety

Inspection of Dams" by the U.S. Department of the Army, Office

of the Chief Engineer, the dam is classified in the dam-size

category as being "Intermediate" since its storage is more

than 1,000 acre-feet but less than 50,000 acre-feet. The dam
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would be classified as "Small" in the damr-size category

because its height is more than 25 feet and less than 4n feet;

however, the overall size classification is "Intermediate".

d. Hazard Classification

The dam has been classified as having a "High"

hazard potential in the National Inventory of Dams, on the

basis that in the event of failure of the dam or its appurte-

nances, excessive damage could occur to downstream property,

together with the possibility of the loss of life. Our

findings concur with the classification. Within the estimated

damage zone, which extends approximately six miles downstream

of the dam, are three dwellings, a U.S. Highway, and a light-

duty road and bridge.

e. Ownership

Incline T"illave Lake Dam is owned bv incline

Investment Tnc. The mailing address is incline investment

Inc. , c/o Mr. Clarence Tiemeyer, 4051 Cypress Road, St. Ann,

Missouri, 63n74.

f. Purpose of Dam

The Purpose of the dam is to impound water for

recreational use as a private lake.

9- Design and Construction History

Incline Village Lake Dam was planned and designed

by Lewis and Associates of Warrenton, Missouri between 1974

and 1918. A set of plans has been made available for this

report.



The dam was built between August 1977 and April

1978 by Hunt Excavating of Warrenton, Missouri, and Hutchison

and Schaeffer. Mr. Larry Bade, who was the project engineer

for Lewis and Associates, supervised and coordinated the

construction of the dam. The construction of the dam was

halted in December 1977 in order to obtain a U.S. Army Corps

of Engineers Section 404 Permit f or the dam.

The spillway was widened approximately 60 to 70

feet and deepened between December 1979 and February 1980. A

rock berm was excavated from the north side of the spillway as

part of the widening process. The purposes of the spillway

widening were to provide rock aggregate for the lake develop-

ment roads and also to increase the capacity of the spillway.

h. Normal Operational Procedures

Incline Village Lake Dam Is used to impound water

for recreational use. Normal procedures is to allow the lake

level below the spillway crest to remain as high as rainfall,

runoff, evaporation and seepage will allow.
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1.3 Pertinent Data

a. Drainage Area (square miles): .. ......... 27

b. Discharge at Damsite

Estimated experienced maximum flood (cfs):. .. .......... NA

Estimated existing ungated spillway capacity
with reservoir at minimum top of dam elevation (cfs) . ......43,724

c. Elevation (feet above MSL)

Top of dam (minimum):. ..... ................ 525.6

Spillway crest:. ....... ................. 510.7

Normal Pool:. .. ................. . ...... 510.7

Maximum Experienced Pool: .. ....................NA

Observed Pool:.. .................. ..... 510.7+

d. Reservoir

Length of pool with water surface
at minimum top of dam elevation (feet):......... ...... 18,000

e. Storage (Acre-Feet)

Top of dam (minimum): .. .................. .. 3064

Spillway crest: .. .................. ..... 684

Normal Pool:. ... ................. ...... 684

Maximum Experienced Pool: .. ....................NA

Observed Pool:. ..................... .... 684

f. Reservoir Surfaces (Acres)

Top of dam (minimum):.o....... ............... 255

Spillway crest:. ....... .................. 90

Normal Pool: .. ....... .................... 90

Maximum Experienced Pool:.......................NA

Observed Pool:. . o. .. .. o.. .. .. .. .. .. .. .. .. 90+
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g. Dam

Type: . .. .. *.. .. .. .. .. .. .. .. . .Earthfill

Length:. .. .................. .... 856 feet

Structural Height: .. ............ ........ 58 feet

Hydraulic Height:. .. ............ .. .... 38 feet

Top width: . .. .. o.. .. .. .. .. .. . . .. 45 feet

Side slopes:

Downstream......................................V to 3H1

Upstream..... .................. V to 3H.

Zoning:. ...... ............ .... Core, Upstream (mostly clay)

Downstream (mostly sandy gravel)

Impervious core: .. ...... ......... ..... Clay

Cutoff:. .o.........................Core trench excavated to bedrock

Grout curtain: .. .................. ... None

h. Diversion and Regulating Tunnel None

i. Spillway

Type: vertical drop with rectangular and

trapezoidal open channel, uncontrolled

Length of crest: 246 feet

Crest Elevation (feet above MSL); 510.7

J. Regulating Outlets

Type: Two, 22-inch diameter

low-level drains

Length: I @ 240+

1 @ _1'0

Closure: Gate valves
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SECTION 2: ENGINEERING DATA

2.1 Design

A limited set of drawings for Incline Village Lake Darn

has been made available from the engineering firm of Lewis and

Associates of Warrenton, Missouri. The following engineering data

and information were also available for the dam:

1) Application for Department of the Azmy Permit Form

4345.

2) Vicinity Map.

3) Qualifications of the Engineers Working on the

Project.

4) Environmental Assessment Report.

5) Engineering Study for the Lake and Dam.

6) Copy of Plan for the Dam (Included as Plate 3 & 4 in

this report).

7) Soil Boring Log for a Damsite for Incline Village

Lake Dam. (Site was approximately 500 feet east of the existing

dam).
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8) Joint Public Notice by U.S. Army Corps of Engineers

and State of Missouri for an After-The-Fact Department of the Army

Permit to Construct the Dam.

9) Engineering Geologic Report on Sugar Valley Dam,

(Incline Village Lake Dam) St. Charles, Missouri.

2.2 Construction

According to Mr. Bade, a core trench was constructed as

shown on the design drawings; the core trench had a 10-foot wide

bottom and was excavated to bedrock with a maximum depth of approx-

imately 20 feet. Compaction was achieved by the fact that the

embankment was brought up in 6 inch layers combined with the

activity of the earthmoving equipment used for the placement of the

fill. No compaction tests were performed. The two clay materials

used for the embankment were removed from the reservoir area and

the left abutment area. The sandy gravel was the material removed

from the core trench. Also, according to Permit Form 4345, men-

tioned in paragraph 2.1 above, material for the dam was to be

removed from a nearby golf course, a haul distance of from 300 to

1,300 feet.

2.3 Operation

No operational records are available for the Incline

Village Lake Dam.



2.4 Evaluation

a. Availability

The availability of engineering data is goad and

consists of the design drawings and engineering data and

information described in Section 2.1, State Geological Maps

and U.S.G.S. Quadrangle Sheets. Information was also avail-

able on subsurface investigations but no data was available

with regard to soil testing or slope stability analysis.

Information on design hydrology and hydraulic design was

available in the engineering study for the lake and dam.

b. Adequacy

The drawings f rom Mr. Bade show the height of the

dam above the creekbed as approximately 35 to 40 feet. This

compares to a 38 foot field measurement. These drawings also

shov the total distance between the left abutment and the

spillway discharge channel left wall as about 930 feet versus

a field measured distance of about 920 feet (Plate 2). Some

other small discrepancies between field measurements and the

design drawings are as follows: calculations from rough field

measurements result in a spillway crest elevation of 510.7

feet above M.S.L. versus an elevation of 513 feet above M.S.L.

as quoted by Mr. Bade (the proposed concrete overflow crest is

to be 4.5 feet above the existing rock spillway crest); also,

the spillway discharge channel was widened from that shown on

the plan; a field measured top of dam profile is shown on

Plate 2.
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The conclusions presented in this report are based

on field measurements, the available engineering data, past

performance and present condition of the dam. The available

data and the field measurements are adequate to evaluate the

hydraulic and hydrologic capabilities of the dam in its

existing condition.

Seepage and stability analyses comparable to the

requirements of the "Recommended Guidelines for Safety Inspec-

tion of Dams" were not available, which is considered a

deficiency. These seepage and stability analyses should be

performed for appropriate loading conditions (including

earthquake loads) and made a matter of record. In the absence

of seepage and stability analyses no quantitative evaluation

of the structural stability can be made.

c. Validity

Design drawings were available for review. From

field measurements, the dam appears to have been constructed

according to the available drawings, except for the discrepan-

cies described in Section 1.2a and Section 2.4b.
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SECTION 3: VISUAL INSPECTION

3.1 Findings

a. General

A visual inspection of the Incline Village Lake Dam

was made on April 23, 1980. The following persons were

present during the inspection:

Name Affiliation Disciplines

Dr. M.A. Samad PRC Engineering Consultants, Inc. Project Engineer,
Hydraulics and
Hydrology

Mark R. Haynes PRC Engineering Consultants, Inc. Soils and
Mechanical

Robert G. McLaughlin PRC Engineering Consultants, Inc. Civil

Razi Quraishi PRC Engineering Consultants, Inc. Geology

John Lauth Consoer, Townsend & Assoc., Ltd. Civil and
Structural

Larry Bade Lewis and Associates Engineer

Specific observations are discussed below.
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b. Dam

The top of dam supports an 18 inch thick gravel

road. The road is used by large dump trucks to gain access to

a rock quarry just downstream of the dam (Photo I). The

depression observed near the right abutment did not seem to be

due to settlement or instability of the dam, but appeared to

be part of the construction intended profile. No significant

deviations in horizontal alignment were apparent. No cracks

or settlements were observed. According to Mr. Bade, the dam

has never been overtopped and no evidence indicating the

contrary was observed.

The upstream slope is protected by limestone riprap

from at least the water surface to the top of dam. According

to the design drawings, the riprap extends to the heel. The

riprap protection from the water surface to the bench and

across the bench appears to be adequate protection against

wave erosion. The riprap ranged in size from 3-inch to 12-

inch cobbles up to 2-foot to 4-foot boulders. No deteriora-

tion of the riprap was observed. No wave erosion was ob-

served. The portion of the slope above the bench was pro-

tected by a thin layer of riprap. This riprap ranged in size

from 3-inches to 6-inches. The surface of the slope appeared

to be adequately protected against surface erosion, however,

some minor erosion was observed on the slope near the left

abutment where the riprap protection was very sparse. Small

depressions running down the slope from the top of dam to the

bench were observed. The depressions appeared to be caused by

the equipment used to place the riprap. Some vegetation was

observed growing up through the riprap, mostly on the upper

portions of the slope. No depressions, bulges or cracks which

would indicate an instability in the embankment were apparent

on the slope (Photo 2, 3).
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The downstream slope has a sparse vegetative

cover. Consequently, erosion due to surface runoff has oc-

curred on the entire slope. Erosion gullies up to 6 inches

deep and 12 inches wide were observed. The vegetative cover

showed two distinct types of growth. The right half of the

dam was covered with green grass and the left half was sparse-

lv covered with dead vegetative growth (Photo 4). The two

types of plant growth could be indicative of the two different

soil types found on the downstream slope, as described in

Section 3.1c. Erosion gullies were observed along the right

embankment /abutment contact and at both abutments (Photo 5).

The left embankment/abutment contact had the worst erosion and

a considerable amount of debris was observed in the area of

the erosion (Photo 6). Standing water was observed in a

couple of areas just downstream of the mat of riprap at the

toe of the dam. The standing water could indicate possible

seepage through the embankment and/or foundation (Photo 13).

Nevertheless, no measurable seepage was observed. No bulges,

depressions or cracks that would indicate an instability in

the embankment were apparent on the slope.

Both abutments appeared to he stable and showed no

signs of distress. The spillway is cut in behind the right

abutment (Photo 6, bottom left & Photo 7). The walls of the

spillway are discussed later in qection 3.1 c and d. The

access road across the dam crosses both abutments and winds

down the right abutment area to the borrow area. No seepage

was observed in or around the right abutment. Seepage was

observed exiting through a hole approximately 75 feet down-

stream of the dam adjacent to the left abutment. The flow

rate was estimated at approximately 3 to 10 gallons per minute

(Photo 14). The seepage did not appear to affect the struc-

tural integrity of the embankment or abutment. The discharge

was clear. Natural springs are fairly common in the limestone

observed on the left abutment.



No rodent activity was observed on the embankment

or abutment areas.

c. Project Geology and Soils

(1) Project Geology

The damsite is located on Indian Camp Creek in the

Springfield Plateau Section of the Ozark Plateau Physiographic

Province. The Springfield Plateau includes that part of the

Ozarks that is underlain mainly by rocks of Mississippian age.

Most of the Springfield Plateau areas are prairies that are

separated by valleys cut 200 to 300 feet below the upland

surface. A majority of the area of the Springfield Plateau is

overlain by a mantle of chert released by the weathering of

the Mississippian limestone. The topography in the damsite

vicinity is rolling to hilly, with moderate slopes and U- to V

shaped valleys. Elevation ranges from 700 feet above M.S.L.

(nearly 1.5 miles southwest of the damsite) to 510 feet above

M.S.L. at the Incline Village Lake. The reservoir appears to

be water tight and free of any potential slide activity.

The area north and south of the damsite is covered

with slope wash deposits of glacial-fluvial and loess in

origin consisting of reddish-brown silty clay, with some fine

to coarse sand. The inlet and outlet areas of Indian Camp

Creek contain Quaternary alluvium.

Outcrops of Mississippian brown to light gray hard

sandy Limestone (Burlington Formation) and light gray Dolomite

are exposed at the right and left abutments (Photo 15, 16).

Limestone and Dolomite beds are horizontally bedded. A

localized undulating structure in the limestone beds was

observed at the upstream cut of the left abutment. This may
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be attributed to the differential compaction rather than

tectonic forces. The areal bedrock geology beneath the

glacial fluvIal slope wash deposits, as shown on the Geologic

Map of Missouri (1979), Plate 5, consists of Mississippian

Keokuk-Burlington Limestone, Ordovician Kimmswick Limestone

interbedded with Cherty Dolomite and Green Shale.

No faults have been identified in the vicinity of

the damsite. The closest trace of a fault to the damsite is

the Cap Au Gres Faulted Flexure nearly 20 miles north of the

site. This faulted flexure had its last movement in Post

Pennsylvanian, Pre-Pleistocene time and appears to have no

effect on the dam.

Incline Village Lake Dam consists of a zoned earth

embankment. A rock cut principal spillway in the Burlington

Limestone is located at the right end of the embankment, and a

low-level outlet pipe is located at the central section of the

embankment. Based on available data and visual inspection,

the embankment is assumed to rest on Burlington Limestone with

a core trench excavated into the bedrock. The foundation

material underlying the low-level outlet pipe consists of

compacted embankment fill. (Brown fine to medium silty sand

to reddish-brown silty clay).

The spillway rock cut slopes are relatively stable.

Minor localized rock debris were observed at the foot of the

slope at the walls of the spillway discharge channel.



(2) Project Soils

According to the "Missouri General Soil Map and

Soil Association Descriptions" published by the Soil Conserva-

tion Service, the materials in the general area of the dam

belong to the soil series of Hatton-Keswick-Lindley-Goss in

the Central Mississippi Valley Wooded Slopes family. The

soils were basically formed from loess, glacial till and

cherty limestone. The permeability of these soils ranges from

moderate to very slow. The Lindley soil is generally quite

susceptible to erosion. if the Lindley soil type was used in

the embankment, the potential of failure of the embankment

would be increased due to erosion during overtopping.

Materials were removed from the downstream slope in

two locations. One location was approximately two hundred

feet to the left of the right abutment contact and the other

location was near the low level outlets. Both samples were

removed from the embankment at approximately 18 inches below

the vegetative cover. The material removed from the embank-

ment near the right abutment appeared to be a brown, silty

fine to medium sand with traces of fine to coarse limestone

gravel. Based upon the Unified Soil Classification System,

the soil would probably be classified as a SM. This soil type

generally has the following characteristics: semipervious to

impervious with a coefficient of permeability less than 100

feet per year, medium to high shear strength, and a low to

intermediate resistance to piping. The material removed from

the embankment near the low level outlets appeared to be a

reddish brown silty clay with a trace of fine to coarse sand.

Based upon the Unified Soil Classification System, the soil

would probably be classified as ai CL. This soil type gener-

ally has the following characteristics: impervious with a

coefficient of permeability less than 1.0 foot per year,
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medium shear strength, and a high resistance to piping.

Approximately the left half of the downstream slope appeared

to be the SM material and the right half of the slope the CL

material.

Materials removed from below the riprap on the

upper portion of the upstream slope appeared to be approxi-

mately the same as the SM material described above.

d. Appurtenant Structures

(1) Spillway

The spillway presently has a vertical, rough cut,

rock face approximately 14 feet high with an uneven crest;

this causes the flow under normal conditions to spill only at

the left side where the crest is lowest in elevation (Photo

7). Since the spillway was blasted, there are cracks, fis-

sures, loose rock etc. which may cause problems in the future.

However, according to Mr. Bade a rectangular weir will be

constructed this year, and fractures will be filled with grout

as a part of the construction of this weir; the weir will be

set back 15 feet from the edge and will spill water at the one

elevation of 517.5 feet above M.S.L. Debris seems to be

collecting in the wide open pool area just downstream from the

crest (Photo 8). From all appearances during the inspection

the spillway area was entirely adequate and no problems

needing immediate attention were noticed.
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(2) Outlet Works

Reportedly, there are two low level drain pipes

with separate gate valve controls provided for the dam;

however, only one gate valve was observed on the day of the

inspection. A stack of hay bales was observed to the right of

the gate valve which was observed. It is assumed that the hay

bales were covering the second gate valve and that the bales

were placed there to protect the valve from freezing during

the winter (Photo 11). The hay bales were moist and some

standing water was observed near the base of the stack. it

appears that the gate valve is leaking. Both valves are

reportedly operable and were operated last winter in order to

drain the reservoir; this was done so that work could be

performed in the reservoir. The valves were not operated on

the day of the inspection. Leakage was observed between the

gate and gate seat and around the stem of the observed gate.

No seepage was observed around the pipe. The discharge

channel for the drain appears to be adequately protected by

riprap (Photo 12). The inlets of the two drains were not

cbserved due to the reservoir level.

e. Reservoir Area

The water surface elevation was approximately 511

feet above M.S.L. on the day of the inspection. The reservoir

rim is sloped gently and there were no indications of insta-

bility or severe erosion observed. The slopes above the rim

are grass covered until the forest lands begin. It is in

these grass covered areas where dwellings and buildings have

been built (they are approximately 500 feet from the rim and

sit 15 to 20 feet above the rim.); other regions are tree

covered immediately adjacent to the shore line (Photo 7). The

entire shoreline of over 8 miles was not inspected.
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f. Downstream Channel

The downstream channel is well defined. It was

clear of debris and vegetation. qome trees were observed

growing on the sides. The channel is approximately 20 feet

wide and has a side slope of Il to Il on both sides. The

channel is approximately I feet deep below the damsite.

3.2 Evaluation

The visual inspection did not reveal any items which are

sufficiently significant to indicate a need for immediate remedial

action. The following conditions were observed which could affect

the safety of the dam or which will require maintenance within a

reasonable period of time.

1. The erosion on the upstream slope, the downstream

slope, and the abutment/embankment contacts does not appear to

affect the structural stability of the dam in its present condition

(Photo 5,A).

2. The possible seenage indicated by the standing water

observed downstream of the toe does not affect the structural

stability of the dam in its present condition. Nevertheless, if

the rate of seepage were to increase, it is possible that the

seepage could transport soil particles which could cause piping of

embankment material which could lead to the eventual failure of the

embankment (Photo 13).

3. The vegetation on the unstream slope does not have

an adverse effect on the dam in its present condition. Neverthe-

less, it would be fairly difficult to maintain the vegetation

properly with the riprap protection on the slope. A heavy vegeta-

tive growth on the slope could prevent a comprehensive inspection
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of the slope and potential problems could go undetected (Photo

2,3).

4. The fractures and cracking in the face and crest of

the spillway could conceivably get progressively worse due to

freeze-thaw cycles in future years if left in "as is" condition.

This condition could easily be remedied at the time of the con-

struction of the weir.

5. The leakage observed through the gate valve of the

low level drain does not affect the normal operation of the valve

or the safety of the dam. Nevertheless, the leakage should be

properly repaired for continual leakage can only worsen the condi-

tion (Photo 11).
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SECTION 4: OPERATIONAL PROCEDURES

4.1 Procedures

There are no specific procedures which are followed for

the operation of Incline Village Lake Dam. The water level below

the spillway crest is allowed to remain as high as possible.

4.2 Maintenance of Dam

The dam is maintained by Incline Village Investment Inc.

The downstream and upstream slopes, along with the top of dam, are

kept free of saplings and brush. The northern one-half of the

downstream slope does not have an adequate grass cover and numerous

erosion gullies have formed on the slope. Fill material had

recently been added to the top of dam at the left abutment due to

erosion in this area.

4.3 Maintenance of Operating Facilities

Two 22-inch diameter drain lines are provided in the

dam. A 24-inch diameter gate valve is installed on the downstream

end of each drain line. The two valves are adjacent to each other.

One 24-inch diameter drain valve is located in a straw

pile for freezing protection. According to Mr. Larry Bade, this

drain valve has a crack in the upper portion of the valve between

the main body and the stem. The crack causes a minor leak with a

slow drip. According to Mr. Larry Bade, the valve is operable and

it was last opened about a year ago.
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The exposed 24-inch diameter gate valve was leaking

during the dam inspection (Photo 11). The valve is operable and it

was last opened in March, 1980.

4.4 Description of Any Warning System in Effect

The inspection team is not aware of any existing warning

system for this dam.

4.5 Evaluation

It would appear that attempts are being made to maintain

the dam and its surrounding reservoir area. The low level outlet

drain valves should be inspected periodically to check their ease

of operation.
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SECTION 5: "YDRATITIC/HYDROLOGIC

5.1 Evaluation of Features

a. Design

The watershed area of the Incline Village Lake Dam

measured from the U.S.G.q. Foristell and Wright City, Mis-

souri, Quadrangle sheets consists of approximately 27 square

miles. However, according to the available design data, the

drainage area is about 24 square miles. The watershed area is

mostly forested with some pasture and agricultural land. Land

gradients in the watershed average roughly 1/2 percent. The

Incline Village Lake Dam is located on Indian Camp Creek. At

its longest arm the watershed is approximately 9 miles long.

A drainage map showing the watershed is presented in Plate I

in Appendix B.

Evaluation of the hydraulic and hydrologic features

of Incline Village Lake fam was based upon criteria set forth

in the Corps of Engineers' "Engineer Regulation No. 1110-2-

106" and additional guidance provided by the Rt. Louis Dis-

trict of the Corps of Engineers. The Probable Maximum Plood

(PMF) was calculated from 'he Probable Maximum Precipitation

(PMP) using the methods outlined in the 1I.S. Weather Bureau

Publication, Hydrometerological Report No. 33. The probable

maximum storm duration was set at 24 hours, and storm rainfall

distribution was based upon criteria given in the Corps of

Engineers' EM 1110-2-1411 (Standard Project Storm). The Soil

Conservation Service (SCS) method was used for deriving the

unit hydrograph, utilizing the Corps of Engineers' computer

program HEC-1 (Dam Safety Version). The unit hydrograph
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parameters are presented in Appendix R. The RCS method also

was used for determining the loss rate. The hydrologic soil

group of the watershed was determined by use of published soil

maps. The hydrolo~ic soil group of the watershed and the SCS

curve number are presented in Appendix B. The curve number,

unit hvdroeraph parameters, the PMP index rainfall and the

percentages for various durations were directly input to the

HFC-l (Dam Safety Version) computer program to obtain the PMF

hvdrograph. The computed peak inflows of the PMF and one-half

of the PMF are 74,822 cfs and 37,411 cfs, respectively.

Both the PMF and one-half of the PMF inflow hydro-

graphs were routed through the reservoir by the Modified Puls

Method also utilizing the HFC-l (Dam Safety Version) computer

program. A storm of 50 percent and 25 percent PMF, respec-

tively, preceded the PMF and 50 percent PMF by four days. The

reservoir was assumed at the mean annual high water level at

the beginning of the antecedent storm. The mean annual high

water level for Incline Village Lake was estimated to be at

the crest of the spillway. The antecedent 50 percent PMF

storm, when routed through the reservoir, leaves the reservoir

at approximately the same elevation as the crest of the

spillway at the end of the four day period. Thus, the reser-

voir was assumed at the spillway crest at the start of the

routing computation for the PMF, one-half of the PMF and other

PMF ratio floods. The Peak outflow discharges for the PMF and

one-half of the PMF are 72,040 and 35,810 cfs, respectively.

Only the PMF when routed through the reservoir resulted in

overtopping of the dam.

The size of physical features utilized to develop

the stage-outflow relation for the spillway and overtopping of

the dam were prepared from field notes and sketches prepared

during the field inspection. The reservoir elevation-area
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data were obtained from the U.S.G.S. Foristell and Wright

City, Missouri Quadrangle topographic maps (7.5 minute ser-

ies). The spillway and dam overtop-rating curve and the

reservoir-elevation-area curve are presented as Plates 2 & 3,

respectively, in Appendix B.

From the standpoint of dam safety, the hydrologic

design of a dam must aim at avoiding overtopping. Overtopping

is especially dangerous for an earth dam because of its

erodable characteristics. The safe hvdrologic design of an

embankment dam requires a spillway discharge capability

combined with an embankment crest height that can handle a

very large and exceedingly rare flood without overtopping.

The Corps of Engineers designs dams to safely pass

the Probable Maximum Flood that could be generated from the

dam's watershed. This is generally the accepted criterion for

maior dams throughout the world and is the standard for dam

safety where overtopping would pose any threat to human life.

Accordingly, the hydrologic requirement for safety for this

dam is the capability to pass the Probable Maximum Flood

without overtopping.

b. Experience Data

It is believed that records of reservoir stage or

spillway discharge are not maintained for this site. However,

according to Mr. Bade, the design and construction engineer

for the dam, the maximum reservoir level was at El 521 in

1978.
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c. Visual Observations

Observations made of the spillway during the visual

inspection are discussed in Section 3.1.d(l) and evaluated in

Section 3.2.

d. Overtopping Potential

As indicated in Section ).1.a, only the Probable

Maximum Flood, when routed through the reservoir, resulted in

overtopping of the dam. The peak outflow discharges for the

PMF and one-half of the PMF are 72,040 and 35,810 cfs, respec-

tively. The maximum capacity of the spillway just before

overtopping the dam is 43,724 cfs. The PMF overtopped the dam

by 5.02 feet. The total duration of flow over the top of dam

was 4.5 hours. The spillway/reservoir system of Incline

Village Lake Dam is capable of accommodating a flood equal to

approximately 60 percent of the PMF just before overtopping

the dam.

Incline Village Lake Dam is still under construc-

tion. According to the available design data, the reser-

voir/spillway system of Incline Village Lake Dam in its final

shape is designed to accommodate the 50-year storm flood.

Based on our evaluation, the reservoir/spillway system of

Incline Village Lake Dam in its present state can accommodate

the one-percent chance flood without overtopping the dam.

The surface soils in the embankment appear to vary

from silty clay to silty sand. The dam is overtopped by over

five feet during the occurrence of the PMF. The spillway

being a rock-cut channel, should be able to withstand high

velocity of flow during the PMF without being subject to

excessive erosion; however, the downstream slope of the dam
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might be eroded and thus endanger the safety of the dam due to

overtopping during the occurrence of the PMF.

The failure of the dam could cause extensive damage

to the property downstream of the dam and possible loss of

life. The estimated damage zone extends approximately six

miles downstream of the dam. Within the damage zone are three

dwellings, a U.S. highway (Hwy. 61), and a light duty road and

bridge,
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SECTION 6: STRUCTURAL STABILITY

6.1 Evaluation of Structural Stabil~ia

a. Visual Observations

There were no major signs of settlement or distress

observed on the embankment or foundation during the visual

inspection. The upstream slope of the embankment appears to

be adequately protected from wave erosion by riprap. The

surface erosion on the upstream slope, the downstream slope,

and the abutment /embankment contacts could affect the stabil-

ity of the dam if allowed to continue. The possible seepage

observed downstream of the toe does not appear to affect the

stability of the dam in its present condition. However, this

condition could worsen and eventually severely affect the

stability of the dam. In the absence of seepage and stability

analyses, no quantitative evaluation of the structural stabil-

ity can be made.

The spillway crest and the adjacent pool area

(which was mostly empty) are hewn out of rock and exhibit no

observable signs of structural instability. It seems plaus-

ible that a certain amount of rock will break loose from the

blasted faces for some time to come (Photo 7).

The low level drain did not exhibit signs of

structural instability.
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b. Design and Construction Data

Design computations pertaining to the embankment

were not uncovered during the report preparation phase.

Seepage and stability analyses comparable to the requirements

of the "Recommended Guidelines for Safety Inspection of Dams"

were not available. No embankment or foundation soil para-

meters were available for carrying out a conventional stabil-

ity analysis on the embankment. No construction data or

specifications relating to the degree of embankment compaction

were available for use in a stability analysis.

C. Operating Records

No operating records are available relating to the

stability of the dam or appurtenant structures. The water

level on the day of inspection was slightly above the crest of

the spillway at one point, and it is assumed that the reser-

voir remains close to full at all times. The low level drain

is reportedly operable.

d. Post Construction Changes

No post construction changes to the embankment

exist which will affect the structural stability of the dam.

A modification which has been completed since the dam was

constructed, is the spillway discharge channel widening to 100

feet and the spillway crest lengthening to approximately 250

feet. The depth of the channel was also increased. Other

changes occurred within the reservoir; these involved lowering

of the reservoir on two different occasions in order to deepen

cove areas and to remove driftwood.
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Mr. Bade indicated that there are plans for further

modifications to the spillway structure. A weir wall is going

to be built around the semi-circular perimeter of the existing

spillway inlet. The vail will be approximately 250 to 260

feet long and the elevation of the top of the wall will be

517.50. This will raise the normal pool elevation of the lake

to approximately 517.50. Grout will also be injected into the

rock at the northern third of the existing spillway inlet.

This rock was fractured during the widening of the spillway.

e. Seismic Stability

The dam is located in Seismic Zone 2, as defined in

"Recommended Guidelines For Safety Inspection of Dams" as

prepared by the Corps of Engineers, and will not require a

seismic stability analysis. An earthquake of the magnitude

which would be expected in a Seismic zone 2 should not cause

distress to a well designed and constructed earth dam.

Available literature indicates no active faults exist near the

vicinity of the damsite.
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SECTION 7: ASSESSMENT/REMEDIAL MEASURES

7.1 Dam Assessment

The assessment of the general condition of the dam is

based upon available data and visual inspections. Detailed inves-

tigations, testing, and detailed computational evaluations are

beyond the scope of a Phase I investigation, however, the investi-

gation is intended to identify any need for such studies.

It should be realized that the reported condition of the

dam is based on observations of field conditions at the time of

inspection along with data available to the inspection team.

It is also important to note that the condition of a dam

depends upon numerous and constantly changing internal and external

conditions, and is evolutionary in nature. It would be incorrect

to assume that the present condition of the dam will continue to

represent the condition of the dam at some point in the future.

Only through continued care and inspection can there be assurance

that an unsafe condition could be detected.

a. Safety

The spillway capacity of Incline Village Lake Dam

is found to be "Inadequate". The spillway/reservoir system

will accommodate about 60 percent of the PMF without overtop-

ping. The surface soils in the embankment appears to vary

from silty clay to silty sand. The dam is overtopped by over

five feet during the occurrence of the PMF. The spillway,

being a rock cut channel, should be able to withstand high

-34-



velocity flow during the PMF without being subject to exces-

sive erosion; however, the downstream slope of the dam might

be eroded and thus endanger the safety of the dam due to

overtopping during the occurrence of the PMF.

No quantitative evaluation of the safety of the

embankment can be made in view of the absence of seepage and

stability analyses. The present embankment, however, has

reportedly performed satisfactorily since its construction

without failure or evidence of instability. The dam has

reportedly never been overtopped.

The safety of the dam can be improved if the

deficiencies described in Section 3.2 anA 6.1a are properly

corrected as described in Section 7.2b.

b. Adequacy of Information

Pertinent information relating to the design and

construction of the dam consisted of two, design drawings and

other items as listed in Section 2.1. The conclusions pre-

sented in this report are based on field measurement, past

performance and present condition of the dam. Information on

the design hydrology and hydraulic design of the dam were

available. However, this information was of no significant

value in Phase I inspection and evaluation of the dam.

Seepage and stability analyses comparable to the requirements

of the "Recommended Guidelineq for Safety inspection of Dams"

were not available, which is considered a deficiency.
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c. Urgency

The remedial measures recommended in Par~graph 7.2

should be accomplished within a reasonable period of time.

The item recommended in Paragraph 7.2a should be pursued on a

high priority basis.

d. Necessity for Phase 11 Inspection

A Phase 11 inspection is not felt to be necessary,

based on results of the Phase I inspection. However, the

remedial remedial measures recommended in Paragraph 7.2 should

be undertaken within a reasonable amount of time.

7.2 Remedial Measures0
a. Alternatives

There are several general options that may be considered

to reduce the possibility of dam failure or to diminish the harmful

consequences of such a failure. Some of these options are:

1. Increase the spillway capacity to pass the Probable

Maximum Flood without overtopping the damn.

2. Increase the height of the dam enough to pass the

PMF without overtopping tile dam. An investigation

should also be done that includes studying the

effects on the structural stability of the existing

embankment. The overtopping depth during the

occurrence of the PMF, stated in Section 5.1d, is

not the required or recommended increase in the

height of the dam.
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3. A combination of I and 2 above.

b. 0 &M Procedures

1. The possible seepage observed just downstream of the

riprap mat at the toe of the dam should be monitored

to detect any changes in turbidity, location, or

quantity. Any changes should be reported and

investigated further (Photo 13).

2. The erosion on the upstream slope, the downstream

slope, and the embankment/ abutment contacts should

be properly repaired by backfilling the damaged

areas with suitable material and an adequate compac-

tion achieved. Then, the damaged areas and the

entire downstream slope should be adequately pro-

tected from surface erosion to prevent further

deterioration. Debris should be cleared away (Photo

5,96).

3. The vegetation on the upstream slope should be

removed and prevented from continuous extensive

growth (Photo 2,3).

4. Major cracks and fractures in the spillway crest

should be filled properly with a suitable mix of

mortar, and the vertical spillway face should be

examined for looseness or other type problem areas

and firmed up as much as is reasonably possible

(Photo 7). Also, the loose brush and debris within

the spillway area just downstream from the crest

wall should be cleared away (Photo 8).
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5. The leakage observed through one of the valves of

the low level drain should be properly repaired

since continual leakage can only worsen the condi-

tion (Photo 11). The valves should be properly

maintained as recommended by the valve manufacturer

and the valves operated periodically.

6. Seepage and stability analyses should be performed

by a professional engineer experienced in the design

and construction of earth dams.

7. The owner should initiate the following programs:

(a) Periodic inspection of the dam by a profes-

sional engineer experienced in the design and

construction of earthen dams.

(b) Set up a maintenance schedule and log all

visits to the dam for operation, repairs and

maintenance.
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Incline Village Lake Dam

Photographs

Photo 1 - Top of dam showing 8" to 10" thickness of gravel roadway

and excavated area of cliff wall of spillway at right

side.

Photo 2 - Upstream slope of dam showing rock protection and 10-foot

berm at the water edge. (Looking left.)

Photo 3 - Upstream slope of dam showing rock protection and 10-foot

berm at water edge. (Looking right.)

Photo 4 - Overview of downstream slope of dam showing partial green

grass cover and partial dead vegetative cover. Also,

shows gravelled area downstream of toe.

Photo 5 - View of deep gully along right abutment downstream contact

area.

Photo 6 - Left downstream abutment contact area showing logs, brush,

and eroding area.

Photo 7 - Principal spillway showing pool area, lake, and

surrounding area of reservoir rim.

Photo 8 - Downstream area of spillway showing large discharge

channel with brush and logs.

Photo 9 - View of channel along toe of dam showing construction road

crossing, bank erosion, and gravel cover at toe of slope.

Photo 10 - Downstream channel showing relatively wide tree-lined

waterway.



Photo 11 Low-level outlets at toe of dam showing one valve badly

leaking and the condition of the adjacent valve covered by

straw.

Photo 12 - Valve outlet channel to downstream channel.

Photo 13 - View of possible seepage from under gravel cover at toe of

dam.

Photo 14 - View of spring off of dam embankment, but within 20 feet

of left downstream abutment of contact.

Photo 15 - Outcrops of Mississippian brown to light grey, hard, sandy

limestone (Burlington Formation) and light grey Dolomite.

Photo 16 - Same as Photo 15, different area; shows also, undulation.

Wil



Incline Village Lake Dam

Photo I

Photo 2



Incline Village Lake Dam

Photo 3

Photo 4



Incline Village Lake Dam

Photo 5

Photo 6



Incline Village Lake Dam

Photo 7

Photo 8



Incline Village Lake Dam

Nll A,1Photo 9j

Photo 10



Incline Village Lake Dam

Photo 11

Photo 12
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SUMMARY OF PIF AND ONE-|IALF PHF FLOOD ROUTING



2

* I

C'z

5
A

C4 i
* 00

* *~, ~.
0

S -

* 7: C * ;
4 1

'4.

I *a .'. - -

.3 *.' .3C*. I .
'4 ., - C - 1

'C I *.* -,
* - C

C *-: -

'C 3! - 1
I 1. -, :, d

I, 1* *C

4 3

GS*e *.@O...S S S 50000 oe ~

B-30
*



I
I

p 1

4 1
0~v4 00

k~o CL,
~,t cq.

~2~Jn

4-4
0~" C'SJ

* - Zr *4

%LN '~

00 0

~.

C'
.4 - 00

A ~
~ *C*

.. = , . C

C.- '4- 3 4J' 40

1. *- 0. Ci

I A

U-
a

I
.43

-C

* GY c'..3
I S C
C * *

-I

I -~

I
1 9 . t

it@@egeeeS *..*SSOO *.@ C ~ C

I.



PERCENT OF PMF FLOOD ROUTING
EQUAL TO SPILLWAY CAPACITY
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